only one out of ten introduced species is able to survive and spread away from the 45 introduced habitat, thus becoming invasive and causing serious alterations to native 46 populations, communities and ecosystems (Williamson and Fitter 1996) . Invasive species 47 are considered, after habitat loss and fragmentation, the second most important cause of 48 species extinction (Zibrowius 1991 characters that make introduced species prone to become invasive are adaptation to 56 introduction success of S. plicata has been attributed to its high tolerance of polluted 80 waters (Naranjo et al.1996) and to moderately wide changes in temperature and salinity 81 (Sims 1984; Thiyagarajan and Qian 2003; Pineda et al. 2012 ). The high genetic 82 variability reported in S. plicata (Pineda et al. 2011 ) may also enhance this species' 83 ability to adapt to new environments (Sakai et al. 2001 ) and displace indigenous species 84 (Rius et al. 2009b) . 85
As is usual in solitary ascidians, S. plicata is hermaphroditic and oviparous, with 86 development involving a non-feeding, short-lived larval stage (Svane and Young 1989) . 87
Styela plicata is reported to become sexually mature at about 40-mm body length (Tucker 88 1942; Yamaguchi 1975 ). The reproductive cycle or the settlement patterns of S. plicata 89 have been determined for populations in Japan (Yamaguchi 1975) (Sabbadin 1957; Yamaguchi 1975) . 95
These differences in the reproductive cycle could be due to a number of factors, including 96 temperature, location and the genetic structure of the investigated populations. To date, 97 no life-cycle data are available for populations in Western Mediterranean, where S. 98 plicata is abundant in most harbors and marinas. Considering the high maritime traffic in 99 some of those harbors (e.g., Barcelona, Alicante, Marseilles) and the existence of smaller 100 marinas all along the coast, this area could act as a source for recurrent introductions in 101 the Mediterranean and in other oceans, and thus deserves further investigation. 102
The goal of this study was to assess the reproductive features and population 103 dynamics of the introduced ascidian S. plicata in the Western Mediterranean to assist in 104 predicting the spreading potential of this species. To achieve this goal, the reproductive 105 cycle was determined for two populations from the NE coast of Spain through 106 examination of the gonad histology and calculation of a gonad index (GI) over a two-year 107 period. We also took monthly measurements of the population size structure at one of the 108 sites, in order to determine population dynamics and recruitment patterns. We 109 hypothesized that S. plicata has a seasonal cycle of reproduction coupled to the strong 110 seasonality of environmental parameters in the Mediterranean. scrutinized to detect small recruits (<10 mm). After measurement, the ascidians were left 132 on the ropes and put back into the water. We used different ropes on sampling date. 133
Individual lengths recorded monthly were used to plot size frequency histograms using 2-134 mm size classes. 135
136

Morphometric variables 137 138
Once in the laboratory, the individuals kept in 4% formaldehyde were carefully cleaned 139 to remove as many epibionts as possible from their tunics. For each individual, we 140 measured the height (maximal distance from base to tip) as a proxy for size using a 141
calliper. As we worked with fixed, contracted organisms, the length measured was an 142 underestimation of the lengths of live, relaxed individuals. However, the tough tunic in 143 this species only allows for slight contraction of the siphons, and we assume that 144 individuals contracted to a similar degree and, thus, that measurements were comparable. 145
The tunic was cut open to separate the mantle, and dissect it along the ventral side to 146 remove the branchial sac and to expose the gonads. Each individual possessed 2 to 11 147 gonads attached to the right side of the body wall, and 1 to 3 gonads to the left side. Each 148 gonad has a central, elongated ovary covered with testis follicles (Tucker 1942). From 149 each specimen, a small piece (< 1 cm long) of one gonad from the right side was cut, 150 weighed and kept in 4% formaldehyde for histology; the remaining gonadal tissue was 151 dissected, weighed and placed in an oven at 60ºC for 48 h to obtain its dry weight. To 152 obtain the total dry weight (DW) of the gonads, we estimated the DW of the removed 153 piece for histological purposes using the observed wet/dry weight ratio obtained for the 154 other gonads. Wet and dry weights were also obtained for the tunic and mantle. (Fig. 2) . Decreases in GI 221 values were also observed in September 2009, and January, May, August and October 222 2010 for Vilanova i la Geltrú (Fig. 2a) , and September and November 2009, and January 223 to May, July and December 2010 in Blanes (Fig. 2b) . A noticeable peak was also 224 observed in January 2010 for the population in Blanes (Fig. 2b) . 225
Cross correlation analyses were not significant for most time lags. Nevertheless, 226
there was a clear wave-like pattern of positive correlations between gonad index and 227 temperature in the previous months for both populations, while correlations were 228 negative between GI and the temperature measured in subsequent months (Figs. 3a, 3b) . 229
This positive correlation indicated that GI tended to increase some months (peak of 230 correlation at 2−3 mo) after temperature increases. Correlations at time lag 0 were small 231 and negative. Mean GIs followed similar patterns in both localities, as indicated by a 232 significant correlation coefficient (cross-correlation analysis at time lag 0, Fig 3c) . The 233 relationship was also positive and significant between the mean GI in Vilanova i la Geltrú 234
and the values in Blanes the two subsequent months (time lags +1 and +2, Fig. 3c) . 235
Gonad histology showed, in cross section, the presence of a central core of female 236 follicles with oocytes surrounded by peripheral male follicles (Fig. 4a) . Mature oocytes 237 had test cells inside the chorion and were surrounded by two layers of follicle cells (Fig  238   4b ). Male follicles were characterized by a thick wall of germinative epithelium and a 239 lumen occupied by developing spermatozoa (Fig 4a,c,d ) or by empty spaces after 240 spawning (Fig. 4e) . We found considerable variability in the maturation state of the male 241 gonads within the same month and population, while mature oocytes were always present 242 in at least some individuals. These observations confirmed the year-round reproductive 243 cycle previously found with the GI (Fig. 5) . A sharp decrease in the mean oocyte 244 diameter was also observed in spring 2009 and 2010 in both populations (Fig. 5) . (Fig. 5) . Mature male follicles and follicles with partially empty lumens, 249 due to the release of sperm, were also found over most of the year except for some of the 250 coolest months (January 2009 in Vilanova i la Geltrú and December 2010 in Blanes), 251 when gonads had mostly immature male follicles (Fig. 5) . 252
The oocyte size-frequencies showed that pre-vitellogenic oocytes (< 50 µm) were 253 present all year round, but increased in proportion concomitantly with the decreases in 254 mean oocyte diameter (Fig. 6 ). Mature oocytes (>150 µm) were also present all year, but 255 were especially abundant during winter. In the individuals collected from Vilanova i la 256
Geltrú, the proportion of mature oocytes peaked in winter-early spring followed by a 257 sharp decrease in April (Fig. 6a) . In Blanes, the proportion of mature oocytes was more 258 variable, with additional minimum values in May, June, and September 2009 and April, 259
August and December 2010 (Fig. 6b) . Prolonged reproductive activity of S. plicata from spring to autumn was 285 previously reported in the Eastern Mediterranean (Sabbadin 1957; Sciscioli et al. 1978) . 286
These authors considered that this species did not actively reproduce during the coldest 287 months, as no recruitment was detected in winter on artificial panels (Sciscioli et al. 288 1978; Tursi and Matarrese 1981). Sabbadin (1957) 2008). Thus, based on our current results, this species could become a threat to local biota 329 if it spreads to natural habitats. However, although the species has been found outside 330 harbors, to date its abundance has always been low and it never monopolizes the 331 substrate as it does inside harbors, marinas or on artificial structures (authors' pers. obs.). 332
Other factors controlling the spread of the species to natural substrates, such as predation 333 (Sutherland 1974) , competition, or the effects of hydrology, should be investigated. 334
Besides conferring a competitive advantage, a continual reproductive period could 335 also allow S. plicata to exploit temporal windows of favorable conditions. It has been 336 demonstrated that adults of this species can respond to changes in temperature and 337 salinity by increasing the production of stress proteins ). However, the 338 embryos and larvae of S. plicata, although relatively resistant to pollutants such as 339 copper, are very sensitive to changes in temperature or salinity (Pineda 2012) . Based on 340 these observations, it is likely that some reproductive episodes do not result in local 341 recruitment and spreading them over time would increase the probability of some larval 342 recruitment. In addition, the existence of multiple batches of larvae over the year ensures 
